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Fig. 2: the region 170:::;; bit'::; 340 should be labeled "transverse stiffeners
& one longitudinal stiffener req'd"
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1. INTRODUCTION
-1
With the use of deep plate girder sections, the designer
has the choice of using stocky web plates or of reinforcing
slender web plates with stiffeners. In many cases the latter
alternative is more economical. Transverse stiffeners are
usually used to increase the shear strength whereas longitudinal
stiffeners are used to increase bending strength.
A longitudinal stiffener is a structural element fastened
to the web of a plate girder and oriented parallel to the· longi-
tudinal axis of the girder. The stiffener section may be a plate,
an angle, a structural tee or any other convenient shape. Deep
plate girder sections are sometimes designed with two or more
longitudinal stiffeners.
Specification provisions relating to the location and
section requirements of longitudinal stiffeners are based on the
theoretical buckling strength of stiffened plates. However, re-
cent experimental and theoretical research at Lehigh University
has shown that the strength of a plat~ girder may greatly exceed
the theoretical buckling strength. (1-4) Since this research did
not include longitudinally stiffened girders, the possible
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contribution of a longitudinal stiffener to plate girder strength
should be studied. The initiation of such a study was authorized
at a meeting of the Welding Research Council Welded Plate Girder
,Project Subcommittee on January 18, 1963.
In this report, a brief summary of the current use of longi-
tudinal stiffeners will first be presented as background infor-
mation. Following this, som~ possible uses of a longitudinal
stiffener from an ultimate load viewpoint will be considered.
Based on the ideas contai~ed in the report, a program ~or theo-
retical research on longitudinally stiffened plate girders is pro-
posed.
, . ~
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2. CURRENT USE OF LONGITUDINAL STIFFENERS
2.1 Analytical Background
The linear buckling theory predicts that a plate will fail
at a certain stress level. This critical buckling stress for a
, (5)girder web plate can be expressed by
o-cr (1)
where E is the modulus of elasticity(29,OOO ksi for steel),y is
Poisson's ratio (0.3 for steel), t is the plate thickness, b is
the web depth or clear distance between flanges and k is the
buckling coefficient which in general depends on plate geometry,
loading condition, and edge conditions,
F6'ran'.infiriitely long plate which is subjected to pure bend-
ing and which is simply supported along the unloaded edges, the
buckling coefficient k is equal to 23.9.(5) Substituting this
value into Eq. 1 along with the values given above for E and 1? , ;
( ,to t.CJcr = 626,400 b-) (2)
Since a, plate girder usually will not fail when the bending
stress reaches the theoretical buckling stress Ucr ' applied loads
'.
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can be increased beyond the buckling load. This post-buckling
strength is utilized in current design practice by specifying
maximum web slenderness (bit) ratios which inherently provide
for a lower factor of safety F against the allowable bending
stress b than that which is required for members that do not
fail by web buckling. Thus by substituting the product Forb for
(Jcr in Eq. 2 and solving for bit, a general expression for the
limiting web slenderness ratio for girders without longitudinal
stiffeners is obtained:
b =J626 ,400 \
t . F O"b
(3)
When it is desirable or necessary to exceed this l~miting
slenderness ratio, longitudinal stiffeners are commonly us~d.*
The optimum location according to the linear buckling theory for
a longitudinal stiffener assuming simply supported edges and
pure bending is one-fifth of the web depth (b/S) from the com-
pression flange. (6~
In order to effectively increase the buckling strength, the
longitudinal stiffener should have a moment of inertia sufficient
to force the formation of a nodal line at the stiffener(Fig. 1).
The determination of this minimum moment of inertia is an in-
volved process and the major U. S. bridge specifications(7,8) are
based on an approximate formula for the case of a simply supported
* Vertical stiffeners are not efficient in increasing
bending strength.
.J
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web plate subjected to pure bending~
Assuming that the stiffener is placed.at the one-fifth
-5
depth position and is rigid enough to force the formation of a
nodal line, the buckling coefficient for the simply supported,
stiffened panel is k = 129.4. (9) Using this value in Eq. 1 re-
sults in
or
(5 )
b =J3,392,000' =
t o-cr
.J3,392,OOOI
FOh
(6)
The smaller panel of the stiffened web (top panel in Fig~ lb)
is the critical one. The longitudinal stiffener itself forms
one of the boundaries of this panel and therefore the selection
of an appropriate factor of safety against buckling depends
partly on the behavior of the stiffener after the panel buckles.
Since the specified minimum moment of inertia of the stiffener
is usually only sufficient to ensure that a nodal line will
form along the stiffener at the panel buckling load, the post-
buckling strength is not defined. However, the stiffened web
will develop some post-buckling strength and the allowable bit
ratios are selected with this in mind.
2.2 Summary of Current Specifications
A °fo ° (10)ISC Spec~ ~cat~on .
The plate girder provisions are based on the maximum
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strength of a girder rather than the buckling strength. Limiting
slenderness ratios are specified to prevent vertical buckling of
the compression flange into the web before yielding occurs in the
flange. (2) The AISC provision is
(7 )
where ~y is the specified minimum yield point of the type of
steel being used.
Hhen intermediate stiffeners are required, the slenderness
ratio of the web is further limited through the requirement
(8)
which is an arbitrarily specified provision intended to facilitate
handling during fabrication and erection.
Any possible contributiorl of a longitudinal stiffener to
girder strength is not considered in the AISC Specification.
AASHO Specifications(7)
For panels with no longitudinal stiffeners a factor of safety
of F = 1.2 is implicit by the selection of a limiting slenderness
ratio of bit = 170 for structural carbon steel. ~Vhen one longi-
tudinal stiffener is used at the 1/5 depth position, a factor of
safety of about F = 1.6 is implied in the maximum slenderness
ratio of bit = 340 for structural carbon steel.
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The AASHO stiffening requirements are summarized in Fig. 2.
In the figure the allowable shear stress ~w ' is plotted against
_, . •• r'
: .Y,'·
the web slenderness ratio bit for a steel with a yield point, of
or = 33 ksi. For bit between 0 and 60, no stiffeners are re-y ,
quired. For the center area where bit is between 60 and 17Q,trans-
verse stiffeners are required with a spacing such that the average
shear stress is less than the allowable value given by the ap~
plicable alb curve. Finally, for the large rectangle at the
right in Fig. 2, a longitudinal stiffener is required as well as
, .
transverse stiffeners. Whenb/t = 340, the tram:;ver'se stiffeners,
would have to be spaced 1/3 of the web depth apart for the maxi-
mum allowable shear stress to apply.
The minimum moment of inertia requirement for longitudinal
stiffeners is based on an approximate formula derived in Ref. 11.
With the conservative assumption that the ratio of stiffener area
to web area is 0,.05, the following provision has been derived: (12)
(9)
where Is is the minimum moment of inertia of the stiffener and a
is the panel aspect ratio or 'ratio of panel length to the clear
distance between flang~_~"."
Eq. 9 can be arranged in a form more suitable for comparison
by dividing by the stiffness of a plate of width bliindthickness", t,
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P 12(1--V2.)
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(10)
Defining j( as the ratio of stiffener stiffness to plate stiff-
s
ness and using ~ = 0.3 for Poisson's ratio·
Is ~
= - = 10.92 (2.4Q! - 0.13)
I p
(11)
Thus )(s is a function of aspect ratio only and Eq. 8 can be ex-
pressed in graphical form (Fig. 3). The curve is cut off at Q! =
1.0 since this is the maximum aspect ratio permitted.
AREA Specifications (8)
Longitudinal stiffeners are only permitted over continuous
supports of deep girders. However, no limiting slenderness ratio
is specified for the longitudinally stiffened web. The maximum
slenderness ratio permitted by the AREA Specifications when no
longitudinal stiffener is used is 170 for structural carbon steel
and the required moment of inertia is that given by Eq. 9. All
of these provisions are the same as those specified in the AASHO
Specifications.
B OO h S Of"" S 449(13)r1t1s peC1 1cat10ns - B.. .
Under the British specifications, web slenderness ratios up
to bit = 200 are permitted with no longitudinal stiffener. With
one longitudinal stiffener at the one-fifth depth position, the
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maximum slenderness ratio is 300. Thus the factor of safety against
web buckling when no longitudinal stiffener is used is lower than
that used in the AASHO or AREA Specifications but is higher when
one longitudinal stiffener is used. For slenderness ratios over
300, a second longitudinal stiffener is used at mid-depth of the
web, the location apparently having been selected arbitrarily. (14)
The required minimum moment of inertia of the first stiffener
is
3Is = 4 at
(12)
. Dividing by the plate stiffness I p once again,
(13)
Eq. 13 has been plotted in Fig. 3, illustrating that the British
specifications are more conservative in this case than the U. S.
specifications.
German Specifications - DIN4114(15)
The German specifications are somewhat different from any
of the others discussed above in that the designer is permitted
to eva1u~te the buckling coefficient based on the plate geometry
and loading conditions. Although the factor of safety varies some-
what with the stress level, the basic value (specifically stated)
is F = 1.35. The number of longitudinal stiffeners used and their
..
304.1
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lo~ation is also determined by the designert
-10
I
4
Restricting the discussion to one longitudinal stiffener 10-
cated at the 1/5 depth position for comparison purposes and assum-
ing that the ratio of stiffener area to web area is 0.05 (as in
the AASHO Specifications), the requirements for stiffener moment
of inertia in terms of Ys reduce to
Ys = 26.9 (a - 0.1), for 0.5~a~1.O (14)
Ys = 40.4 (a - 0.4), for a>l.O
The plot of Eqs. 14 (Fig. 3) shows that the German specifications
for longitudinal stiffener stiffness are more liberal than the
British specifications but ~lightly more conservative than the
u. S. specifications.
2.3 Comments on Current Longitudinal Stiffener Use
As indicated in the two previous sections, the location of
a longitudinal stiffener, its moment of inertia and the web slen-
derness ratios permitted when the stiffener is used are all de-
termined from a buckling analysis of a web panel. The panel is
assumed to be simply supported and pure bending is usually the
loading condition considered. However, it has been shown both
analytically and experimentally that the carrying capacity of
plate girders subjected to bending is independent of the web
buckling load and depends essentially on the stability of the
304.1 -11
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compression flange because of stress redistribution from" the web
to the flange after web buckling.
Current specifications inherently utilize post-buckling
strength by permitting slenderness ratios that imply a lower than
nominal safety factor against web buckling. This is not the
best approach because of the number of different safety fac-
tors involved. More basically, thepo~t-buckling strength of
longitudinally stiffened plate girders llas not been satisfactorally
established and therefore the real safety factors are unknown.
Since there are many situations where the use of longitudinal
stiffeners would result in better :and more economical structures,
the load-carrying capacity of longitudinally stiffened girders
should be investigated.
304.1 '-l~
3. CONSIDERATION OF LONGITUDINAL STIFFENERS
FROM LOAD-CARRYING CAPACITY VIEWPOINT
The use of a longitudinal stiffener simply ~or the purpose
of increasing the girder section modulus is not an economical
use of material; the best way to increase bending strength for
a given girder depth is simply to increase the size of the com-
pression flange. Furthermore, increasing the web buckling load
through the use of one or more longitudinal stiffeners has no
meaning from a carrying capacity viewpoint, since under pure
bending failure is controlled by flange behavior.
A longitudinal stiffener introduced to increase the lateral
buckling strength of the compression flange will not "pay for it-
self". For a constant spacing of the lateral support, the radius
of gyration of the compression flange column is the only variable
which affects lateral buckling. Considering the case of a sym-
metrical flat bar longitudinal stiffener, unlessthe.stiffener
has a width which is eq~al to or great~r than the compression
flange, the radius of gyration of the flange with the stiffener
is less than that without the stiffener.
However, there are a number of cases where the use of longi-
tudinal stiffeners should be considered and for which a knowledge
304.1 -13
(
of the load-carrying capacity is needed to assist in formulating
design rules.
3.1 Control Web Deflections
The AISC Specification(lO) limits the smaller panel dimension
to 260 times the web thickness. This provision is based on an
arbitrary decision that girders having panels with more slender
webs would be difficult to handle during fabrication and erection.
In addition, it minimizes deformations of the web which otherwise
could lead to fatigue failures in welded girders subjected to re-
peated loads.
Suppose a girder is built with a web depth of 260 in. and
alb = 1.0, then the required web thickness using the AISC rule is
1 in. But if a longitudinal stiffener is used, say at b/4 from
the compression flange, a 3/4" web could be used and the deflec-
tion limitation requirements would still be satisfied. The savings
in web material quite likely would more than offset the additional
material and labor required for the stiffener. When a longi-
tudinal stiffener is used for controlling web deflections, some
additional benefit could be gained if the stiffener were included
in the girder section calculations to resist bending moments.
3.2 Framing Considerations
Situations may arise where a continuous plate is attached to
the web of a girder or where for ease of framing or to satisfy good
304.1. -lti'
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detailing practice, a continuous flat bar would be attached to
the web parallel to the flanges. Two possible situations are
shown in Fig. 4. In any of these situations, even when a longi-
tudina1 stiffener is used for esthetic or architectural reasons,
a method should be available to assess the contribution of the
longitudinal stiffener to the carrying capacity of th~ girder.'
3.3 Vertical Buckling of Compression Flange
In additi9n t9 t~9se cases in which a longitudinal stiffener
is used for framing purposes or to control web deflections, there
is one important case where longitudinal stiffeners can economi~
cally be used to increase girder carrying capacity. There is a
tendency for the compression flange of a plate girder to buckle
into the web due to the vertical compressive forces on the web
which arise from girder curvature, external loads applied to the
compression flange or a combination of the two loadings. (2) As
already noted, it is the basis for 1imiting b/t ratios in the
AISC Specifications. This is one buckling situation where no re-
distribution of stress from the web to its framing eiliements is
possible. Provisions have been adopted by the AISC to prevent
premature vertical buckling of the compression flange under ex-
ternal loading, but in ma~y instances where these p~ovisions are
the controlling feature of the design, the use of a longitudinal
stiffener would be advantageous on an e~onomical basis.
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3.4 Shear Strength
A plate girder resists externally applied shear forces by a
combination of beam action and tension:.field ~ction.(3) Both
contributions depend upon panel geometry as well as maierial pro-
perties and web slenderness. Thus the use of longitudinal stiff-
eners would necessarily affect shear strength since smaller panels
would result and possible more slender webs would be used~ The
extent to which longitudinal stiffeners would affect shear strength'f,
has not been established, and such a study is included in the pro-
posed research program.
304.1
4. PROPOSED PROGRAM
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The discussion in this preliminary report as well as a re-
view of previous research demonstrates the need for investigation
of the load-carrying capacity of longitudinally stiffened plate
girders. The steps in the proposed research program on this sub-
ject are as follows:
(1) Presentation of the literature su~veyon longitudinally
stiffened plates. Some of this work has already been
completed and has been the basis for mu~h of this report.
(2), Analytical studies. The previous section indicates
what problems should be investigated. The theoretical
work on transversely stiffened girders will be useful
in studying these problems.
(3) Test program. Based oq the results of the analytical
work, test girde~s will be designed and an experimental
program OQ longitudinally stiffened girders will be pre-
pared separately. ~he separate loading cases of pure
bending and high shear would be studied with test arrange-
ments similar to those used previously on transversely
stiffened girders. (1) In addition, the effect of direct
external loading on the compression flange and the
.,
304.1
(4)
-17.
behavior of a curved or tapered compression flange as
used over the interior supports of a continuous girder
could be tested.
Design recommendations. With the r~su1ts of both theo-
reticaL,andexperimental studies available, design re-
commendations for longitudinally stiffened plate girders
will be proposed. ~rovisions for locating, proportioning
and detailing longitudinal stiffeners will be included.
-,
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Fig. 1 (a) Web Panel Without Longitudinal Stiffening
(b) Longitudinally Stiffened Web Panel
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Fig. 3 Comparison of Stiffness Requirements for
Longitudinal Stiffeners
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Fig. 4 Examples of Longitudinal Stiffeners Used for
Framing Purposes
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